Problem Numerous lines of evidence implicate Apolipoprotein E (Apo E) in lipid metabolism during pregnancy. Hence, a role for its polymorphism has been envisaged in recurrent pregnancy loss (RPL) considering major structural and functional differences between different Apo E genotypes. Method of study A case control study of 81 women with two or more pregnancy losses that did not have any other known risk factors including anatomic anomalies of the reproductive system, infections, immunologic factors, hormonal imbalances, chromosomal abnormalities and environmental factors was carried out. The control group consisted of 81 women with at least two healthy children and no RPL in their reproductive history. DNA was extracted from the peripheral blood following written consent and Apo E genotyping was carried out by amplifying exon 4 of the gene and subjecting it to digestion by HhaI restriction enzyme. Results Genotyping was concluded by analyzing different fragment sizes produced, which resulted in finding significantly higher frequency of combined E3/E4 and E4/E4 genotypes in the patients (about 20 %) compared to the normal controls (2.4 %). The genotypes were confirmed by DNA sequencing. Conclusion Allelic frequency for E4 was 13.5 % in the patients and only 1 % in the non-RPL group. Our findings confirm and are in line with a number of similar studies carried out on other populations. Therefore, Apo E4 polymorphism seems to be contributing to the thrombophilic risk factors as a background to RPL.
Introduction
Recurrent pregnancy loss (RPL) is the occurrence of two or more consecutive fetal loss prior to 20 weeks gestation or at the time when the fetus weighs less than 500 g [1] . Known risk factors of RPL are advanced maternal age, unnatural anatomic anomalies, chromosomal abnormalities, hormone imbalances, infections, immunologic problems as well as environmental factors [2, 3] . As there is no known cause for 50 % to 75 % of this condition, the involvement of genetic factors is postulated in the etiology of RPL. In recent years numerous studies have been conducted to elucidate the factors responsible for this disorder [4] . These factors include the cytokines [5] , xenobiotic enzymes [6] , thrombophilic agents [7] and some glycoproteins expressed on the trophoblasts and/or endometrial cell surface [8] . Lately, the study of Apo E polymorphism has attracted attention as a relevant thrombophilic agent [9] . Human Apo E is a 34KD protein composed of 299 amino acids with high expression level in liver and brain [10] . This protein in conjunction with specific LDL receptors has an important role in the metabolism of cholesterol and triglyceride [11] . The Apo E gene is located on chromosome 19q13.2 and has three common alleles E2, E3 and E4 which form six different genotypes.
Difference between Apo E alleles lie in amino acids at codons 112 and 158 both within exon 4, forming E2 with Cys112 Cys158, E3 with Cys112 Arg158 and E4 with Arg112 Arg158 composition [12] . The structural differences of these isoforms determine their function with regard to lipid metabolism [13] . Relationships between Apo E polymorphisms and lipid metabolism have been extensively studied in cardiovascular and neurodegenerative disorders such as Alzheimer disease and Parkinson disease and allele E4 has been implicated as risk factor in these conditions [14] . In normal pregnancy the cholesterol level is naturally increased and as a result Apo E could be involved [15] . On this basis, the present study was designed to investigate frequency of various genotypes of Apo E in two groups of women: a group of RPL patients versus normal controls.
Materials & Methods

Patients
162 women including 81 patients who had experienced two or more consecutive RPL (average 6.2 ranging between 2 and 8) as well as 81 women with two healthy children were recruited to this study (Table 1 ). Due to impracticality and lack of appropriate samples, chromosome analysis for the abortus material or the miscarried fetuses was not feasible. However, their parents (both husband and wife) were studied, demonstrating normal karyotypes. These patients agreed to take part in this study by signing a written consent form. The women patients were evaluated for anatomic abnormalities of their reproductive system either by sonography or hysterosalpingography and all were normal. These women also showed normal for immunologic tests of antiphospholipid antibodies, cardiolipin antibodies, anti-nuclear antibody, double stranded DNA antibody, anti-thyroid antibody, lupus anticoagulant antibody, anti peroxidase antibody and had no familial thrombophilia. All patients had negative TORCH and pap-smear tests results. Therefore, they lacked any of known risk factors in RPL.
Apo E genotyping 5 ml peripheral blood was taken in EDTA tubes from each patient and DNA was extracted by standard salting out method [16] . A pair of primers with the following sequence encompassing 303 bp within exon 4 was utilized to PCR amplifies a fragment which contained codons 112 and 158: Apo E-F: 5′-CGGGCACGGCTGTCCAAGGAG-3′ Apo E-R: 5′-CACGCGGCCCTGTTCCACgAG-3′ PCR conditions were: 95°C for 5′, 95°C for 50″, 65°C for 50″, 72°C for 50″ for 30 cycles 72°C for 10′. The PCR products were treated whit restriction enzyme HhaI at 37°C overnight. The sizings of the resulting fragments were determined by electrophoresis on 12 % polyacrylamide gel. The total length of the amplified fragment is 303 bp which contains 10 cutting sites for the enzyme HhaI. Eight of these sites are constant and the other two are polymorphic [17] . The fragments produced for each of the three Apo E alleles are as follows: (Fig. 1 
Statistical analysis
The frequency for the three alleles of E2, E3, E4 and resulting genotypes were determined in the patients and non-RPL group. Comparison was made by using chi-square and Fisher Exact test in SPSS version 18 software. The data with less than 0.05 probabilities regarded as significant.
Results
The different genotypic and allelic frequencies of Apo E for patients and non-RPL group are summarized in Table 2 . In the patients group 16 individuals had combined E3/E4 and E4/E4 genotypes, whereas only two individuals from control group had such genotypes. This difference is statistically significant. Furthermore E4 allelic frequency in these two groups was also statistically significant: 13.5 % in patients and only 1.25 % in the controls. Odds Ratio (OR) as an indicator of increased risk factor was also calculated in these two groups: at genotype level E3/E4 heterozygosity was observed in patients more than five folds as compared to the control group and the OR was over 12 folds greater for possession of allele E4.
Discussion
Statistical analysis of the findings in this study indicate the frequency of allele E4 in RPL patients with 13.5 % is significantly higher than the non-RPL group with only 1.2 % (p<0.05). This reflects in the presence of E4/E4 genotype at 7.4 % frequency in the patients group and its absence in the non-RPL group and the combined frequency of E3/E4 and E4/E4 at 19.7 % in the patients group as against 2.4 % in the non-RPL patients group. This demonstrates a positive association. Therefore, it seems this overwhelming frequency difference of allele E4 and genotypes' sharing this allele has an impact on the susceptibility to RPL. This may also be demonstrated by calculation of OR. The risk of having RPL in the patients group with combined E3/E4 and E4/E4 genotype was five folds greater than normal controls. Apo E, a glycoprotein, is expressed in numerous tissues within body [11] . Its different genotypes are related to the lipid concentration level and have already been implicated as association risk factors in cardiovascular disorders, strokes, Alzheimer disease and as susceptibly factor in response to viral, bacterial and parasitic infection [14] . Compared to E3, the most frequent allele, E4 allele of Apo E has a less affinity for LDL receptor which leads to decreased affinity for collection of chylomicrons from blood circulation [18] . Increased level of plasma lipid concentration has adverse effect leading to the formation of venous thrombosis and activation of inflammatory processes in epithelial cells initiated by cytokines [19] . It is also known that placental venous thrombosis causes death of trophoblast cells and consequently fetal death may occur [20] . Pregnant women are prone to blood coagulation and in presence of E4 allele this phenomenon is enhanced due to the lower capacity of this allele to metabolize lipid [7, 11] . For a successful pregnancy there should be equilibrium between inflammatory agents and anti-inflammatory cytokine factors [21] . Interleukin 10 (IL10) is the most potent amongst antiinflammatory factor [14] . It has been shown that in carriers of allele E4, IL10 plasma concentration is reduced [22] . IL10 maintains anti-inflammation capacity and inhibits formation of atherosclerotic plaques which are collectively crucial for a successful pre-implantation and survival of pregnancy [23, 24] . Overall, IL10 plays an important role in maintenance of pregnancy, however in Apo E4 carriers the blood level of this cytokine is effectively reduced [20] . Goodman et.al have previously reported positive association of Apo E polymorphism with RPL in a case control study of 69 women [9] . Similar results were followed by Yeniceus et.al who demonstrated that the genotype E3/E4 was more frequent in women with RPL compared non-RPL group [25] . Also Ozornek et.al reported a much higher frequency of allele E4 within their patients with RPL in comparison to non-RPL group [20] . Similar findings were also obtained in a study by Bianca et.al on Italian patients, although these researchers had concluded to the contrary by choosing wrong control groups (thrombophic patients with positive association for Apo E allele E4) [26] . Goodman et.al did reanalysis of their data and compared of these RPL patients with non-RPL group and concluded positive association [27] . The findings of the present investigation show a clear positive association of RPL with genotypes E3/E4 and E4/ E4. This is in line with previous studies and adds weight to the concept of considering Apo E polymorphism as a contributing risk factor in RPL.
